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(57) ABSTRACT 

Apparatus and method for cooling a magnetron sputtering 
apparatus. More particularly, a system including a stationary 
conduit, a hollow drive shaft rotatably coupled to the sta- 
tionary conduit, and a magnetron coupled to the hollow 
drive shaft. 

27 Claims, 3 Drawing Sheets 
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COOLING SYSTEM FOR MAGNETRON 
SPUTTERING APPARATUS 

RELAHED APPLICAnONS 

This application is related to co-pending application Ser. 
No. 09/418,511 filed on Oct. 13, 1999, now U.S. Pat. No. 
6,207,026 entitled, "Magnetron with Cooling System for 
Process Chamber of Processing System", invented by 
Steven Charles Crocker, which is commonly owned by the 
assignee of the present invention. 

BACKGROUND OF THE DISCLOSURE 

1. Field of the Invention 

The invention generally relates to substrate processing 
systems and, more particularly, to a cooling system for a 
magnetron sputtering apparatus. 

2. Description of the Background Art 

A physical vapor deposition chamber (also known as a 
sputtering chamber) comprises a vacuum chamber contain- 
ing a pedestal for supporting a substrate, a vacuum pump for 
evacuating the chamber, a sputtering target, a gas source, 
and a power source. To enhance the sputtering eflBciency and 
improve target utilization, a planar magnetron system is 
coupled to the sputtering target. The planar magnetron 
system may comprise a rotating magnetron disposed behind 
the target, opposite the surface to be sputtered. The chamber 
uses either a DC bias between the target and the substrate 
and/or an RF source coupled to an antenna surrounding the 
space between the target and the substrate to form a plasma 
in the chamber. 

The magnetron comprises a magnet assembly that pro- 
vides a magnetic field near the sputtering surface of the 
target. A negative bias voltage between the target and the 
plasma region accelerates ions toward the target to dislodge 
target material therefrom. The magnetic field produced by 
the magnetron confines free electrons, including secondary 
electrons displaced fitom the target material, near the target 
to maximize ionizing collisions of the free electrons with the 
sputtered material and maximize ionization of the plasma 
gas that is near the target. 

The magnet assembly comprises one or more magnets 
that rotate around the backside, i.e., the nonsputtered 
surface, of the target, to evenly distribute the magnetic field 
across the sputtering surface of the target to result in uniform 
sputtering of the target material. Typically, a motor assembly 
mounted to the magnet assembly imparts rotational motion 
to the magnet assembly by rotating a drive shaft coupled to 
the magnet assembly. 

The above described magnetron sputtering process, 
including the effect of the bias voltage and the magnetic 
fields, causes a considerable amount of energy to be dissi- 
pated by the target and the magnetron, thereby tending to 
heat the target and the magnetron. Heating of the magnetron 
and/or the target above a designated processing temperature 
may adversely affect performance of the process by chang- 
ing the sputtering rate or reducing sputtering uniformity of 
the target. Additionally, excess heat may shorten the useful 
lives of the magnetron and the target and cause mechanical 
features of the magnetron to wear out prematurely. 
Furthermore, excess heat may cause thermal expansion of 
components within the chamber, which can cause closely 
spaced components, such as the target and the magnetron, to 
physically interfere with one another 

To alleviate this problem, the magnetron is typically 
housed in a cooling cavity. A coolant, such as deionized 
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water or ethylene glycol, is flowed through the cooling 
cavity to cool the backside of the target and to cool the 
magnetron. However, it is ditlicult to cool the central area of 
the backside of the target and a region of the magnetron 

5 about the rotational central axis of the magnetron. Centrifu- 
gal force generated by the rotational movement of the 
magnetron tends to force coolant away fi'om the rotational 
center of the magnetron and away from the central area of 
the backside of the target. In addition, typically, the presence 

10 of a motor assembly above the target and the magnetron 
further complicates the design of a coolant dehvery system 
that delivers coolant to the central area of the back-side of the 
target and to a region of the magnetron about the rotational 
axis of the magnetron. 

15 Therefore, a need exists in the art for an improved cooling 
system for a magnetron sputtering apparatus. 

SUMMARY OF THE INVENTION 
One aspect of the present invention generally provides 

20 apparatus for cooling a magnetron sputtering apparatus, 
comprising a stationary conduit, a hollow drive shaft rotat- 
ably coupled to the stationary conduit, and a magnetron 
coupled to the hollow drive shaft. In another aspect, the 
invention provides a processing chamber comprising a 

25 chamber, a substrate support member disposed within the 
chamber, a stationary conduit, a hoUow drive shaft rotatably 
coupled to the stationary conduit, and a magnetron coupled 
to the hollow drive shaft. 

In another aspect, the invention provides a method for 
cooling a magnetron sputtering apparatus that flows coolant 
from a stationary conduit into a first end of a hollow drive 
shaft rotatably coupled to the stationary conduit, and flows 
the coolant from the first end of the hollow drive shaft to a 
second end of the hollow drive shaft that is proximate a 
portion of a target assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The teachings of the present invention can be readily 
understood by considering the following detailed descrip- 
tion in conjunction with the accompanying drawings, in 
which: 

FIG. 1 shows a schematic side view of one embodiment 
of a process chamber according to the present invention; 
4j FIG. 2 shows a partial cross-sectional view of an upper 
portion of the process chamber of FIG. 1; and 

FIG. 3 shows a cross-sectional view of the coolant deliv- 
ery system of FIGS. 1 and 2. 
To facilitate understanding, identical reference numerals 
so have been used, where possible, to designate identical 
elements that are common to the figures. 

DETAILED DESCRIPTION 
The present invention generaUy provides a cooling system 
55 for a magnetron sputtering apparatus comprising a stationary 
conduit, a hollow drive shaft rotatably coupled to the sta- 
tionary conduit, and a magnetron coupled to the hollow 
drive shaft. 

FIG. 1 depicts a schematic side view of one embodiment 
60 of a process chamber 100 according to the present invention. 
The invention is useful with process chambers configured 
with a substrate support member and process environment 
above, to the side of, or below the target, and indications 
involving direction such as up, down, top, bottom, backside, 
65 etc. ate only references used to indicate the position of 
various members with respect to each other and are not 
meant to limit the invention. 
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Generally, the PVD chamber 100 includes chamber walls The motor assembly 108 and the coolant dehvery system 

102 enclosing a processing region 104, a pump assembly 112, respectively, are mounted to the top 128 of the cooUng 

106, a motor assembly 108, a cooUng cavity 110, a magne- cavity 110. ITie motor assembly 108 comprises a motor 

tron 132 disposed in the cooling cavity 110, and a coolant puHey 142. Generally, the coolant delivery system 112 
delivery system 112. A substrate support member 114 is 5 comprises a coolant dehvery system pulley 144, stationary 

disposed within the processmg region 104 for receiving a housing 148, and tubing (a conduit) 150. Stationary housing 

substrate (not shown). The substrate support member 114 ^^.j^hly couples the tubing 150 to the hollow drive shaft 

Trforr^ed ' ' ^"^^^ I'**' ''""^'"^ therebetween while the hollow 

^ . , • , ,• drive shaft 146 rotates with respect to the tubing 150, which 

Asputtenng target assembly includmg a target 118 ^^^^^^ stationary. The coolant delivery system pulley 144 

and a target backing plate 120 which defines the backside of u n j ■ u r. 1^/: -n, 1, j ■ u r 

the target assembly 116, is disposed at the top of the '^^P"^' \ ^°^Z ^^t^ """"^ '^'T 

processing region 104. The inv^tion also contemplates ^""P^f, '° "^ff 132 The motor puUey 142 

other embodiments of the sputtering target assembly, such as ^ f*"? J'* ^° '^'^''^'^^^ ^^^tem puUey 142 by dnve 

a sputtering target assembly consisting of a target without a ^ 

backing plate. motor assembly 108 imparts rotational motion to the 

A Uft mechanism 120, including a guide rod 122. a P""^y ^'^^ 'l'^'' ''"^^ ™P'"^* rotational 

bellows 124, and a lift actuator 126 mounted to the bottom "^"""^ ^y^'f f.^'^y I '^}"'^ ^P''"^ 

of the PVD chamber 100, raises the substrate support rotational motion to the hollow dnve shaft 146. The hollow 

member 114 to perform a process and lowers the substrate ''"^^ ™P^«^ rotational motion to the 
support member 114 to exchange substrates. The target 118 ^° magnetron 132 to cause the magnetron 132 to spm from 

provides material such as aluminum, copper, titanium, or ^'^"^ revolutions per mmute (rpm) to about 200 rpm and 

tungsten and corresponding nitrides, to be sputtered onto a Preferably about 100 rpm during performance of a process, 

substrate. Coolant, such as deionized water or ethylene glycol, is 

The cooling cavity 110 is situated above and sealed from A"^'^'' "^^^t 154 of the tabing 150, which extends into 
the processing region 104. The cooling cavity 110 is defined ^ *e stationary housing 148, then from the tubing 150 through 



by a top 128, sides 130, and the target backing plate 120. 



the hoUow drive shaft 146. The coolant is delivered to a first 
Arotating magnetron 132 is disposed in the cooUng cavity ^^^^^ ^^'^^ ^"^f ^' ' '''^ f ^.^.out one 

110 a short distance from the target backing plate 120. Tlie Sf"°" P^^ T"," '° t ^5'^' preferably about 

magnetron 132 can have a variety of shapes depending on 30 ^'ITJT^u V ^'^aI f""" ' Tu 

■ - ^ t~ B 30 j4gg of the hollow shaft 146 to a central area of the target 



the material to be deposited and the process conditions, and 
may be asymmetrical about a rotational axLs 135. The 



backing plate 120 that constitutes the backside (i.e., non- 



magnetron 132 has a set of magnets 134 arranged within the '^P"""'^'! f ^> °^ '^■^fL'' . . 

magnetron 132 so that they create a magnetic field that ^'^8^°" the magnetron about a rotational axis 135 of the 

moves across the sputtering surface of the target 118 as the ,5 ^^gD^'ron 132. 

magnetron 132 is rotated. The magnets 134 are secured Centrifugal force generated by the rotational motion of 

between a plate 136 defining a first surface of the magnetron magnetron 132 causes coolant to flow away from the 

132 and a magnet retainer 138 defining a second surface. rotational axis 135 of the magnetron 132 and away from a 

The magnetron 132 is simated proximate the backside (i.e., '^^^^^ ^^ea of the backside of the target assembly 116 

nonsputtered side) of the target assembly 116 defined by the 40 ^""^^^ ^^^^^ backing plate 120. Coolant flows away 

target backing plate 120 with a gap therebetween of about rotational axis 135 of the magnetron 132, in the 

one miUimeter to about five millimeters, and preferably ^^^gtoti between the target backing plate 120 and the magnet 

about two millimeters to about three millimeters. retainer 138 of the magnetron 132, as well as within the 

The pump assembly 106 typically includes a cryogenic inagnetron 132 and eventuaUy out of the cooling cavity 110 

pump, or other high vacuum pump, for pumping the PVD 45 T^^' circulated through a 

chamber 100 to a very high vacuum for substrate processing. ^^"^ exchanger (not shown) to remove heat fromjhe coolant 

A gate valve 140 is disposed between the pump assembly ^"^^ ^^^"^ recirculated through the coolmg cavity 110. 

106 and the processing region 104 to provide access ther- F^G. 2 depicts a partial cross-sectional view of an upper 

ebetween so that the pump assembly 106 can lower the portion of the process chamber 100 of FIG. 1. Depicted are 

pressure in the processing region 104, and to provide iso- 50 ^ portion of the chamber walls 102, the motor assembly 108, 

lation therebetween so that the processing region 104 may the coolant delivery system 112, and the cooUng cavity 110, 

be vented. including the magnetron 132 and the target assembly 116 

A set of shields 162, 164 disposed within the processing disposed within the cooUng cavity 110. 

region 104 surround the substrate support member 114 and The motor assembly 108 is mounted to the top 128 of the 

the substrate during processing in order to prevent target 55 cooUng cavity 110 by fasteners such as screws 240, 242. 

material from depositing on the edge of the substrate and on The cooUng system pulley 144 comprises puUey housing 

other surfaces inside the processing region 104. A negative 220 and bearing housing 206. The puUey housing 220 

DC bias voltage of about 200 V or more is typicaUy applied comprises drive portion 208, which contacts drive belt 152. 

to the target 118, and a ground is appUed to an anode, the CoupUng devices such as locknuts 202, 204 fix the hollow 

substrate support member 114, and chamber surfaces. The 60 drive shaft 146 to the puUey housing 220, so that rotation of 

combined action of the DC bias and the rotating magnetron the pulley housing 220 causes rotation of the hollow drive 

132 generates an ionized plasma discharge in a process gas, shaft 146. The hollow drive shaft 146 and the pulley housing 

such as argon, between the target 118 and the substrate. The 220 may also be coupled by other methods known in the art, 

positively charged ions of the plasma are attracted to the such as keyways, adhesives or lock rings, 

target 118 and strike the target 118 with sufScient energy to 65 Transition pieces such as flanges 210, 222 comprising 

dislodge atoms of the target material, which sputters onto the fasteners such as screws 242, 244, couple, respectively, the 

substrate. hollow drive shaft 146 to the top of the cooling cavity 110 
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and the hollow drive shaft 146 to the plate 136 of the 
magnetron 132. 

The motor assembly 108 imparts rotational motion to a 
motor drive shaft 214, which rotates the motor pulley 142, 
which rotates the drive belt 152. In turn, the drive belt 152, * 
being in contact with the drive portion 208 of the pulley 
housing 220, imparts rotational motion to the coolant system 
pulley 144 including the hollow drive shaft 146. The hollow 
drive shaft 146, in turn, imparts rotational motion to the 
magnetron 132. 

The stationary hoasing 148 allows the tubing 150 to 
remain stationary while hollow drive shaft 146 rotates, while 
maintaining a fluid seal between the tubing 150 and the 
hollow drive shaft 146. As such, coolant flows from the 15 
stationary tubing 150 into the first end 146A of the hoUow 
drive shaft 146. 

Coolant flows from the second end 146B of the hollow 
drive shaft 146 into the coolant cavity 110 as shown by flow 
arrows 216, 218 into a region about (i.e., including and 20 
surrounding) the rotational axis 135 of the hollow drive shaft 
146, and then the coolant flows away therefrom due to 
centrifugal force generated by the rotational motion of the 
magnetron 132. The coolant ultimately exits the coohng 
cavity 110 through outlet 160. A portion of the coolant is 25 
delivered between magnet retainer 138 and target backing 
plate 120, to a central area of the target backing plate 120, 
as shown by arrows 218, and a portion of the coolant is 
delivered between the plate 136 and the magnet retainer 138 
of the magnetron 132, to a region of the magnetron 132 ~ 
about the rotational axis of the magnetron 135. 

FIG. 3 depicts a cross-sectional view of the coolant 
delivery system 112 of FIGS. 1 and 2. The tubing 150, a 
portion of which extends into stationary housing 148, com- 3 
prises coolant inlet 302, through which coolant flows into 
the tubing 150, .stationary housing inlet 320, through which 
ciKilanl flows from the tubing 150 into the hollow drive shaft 
146 within the stationary housing 148. 



I claim: 

1. Apparatus for semiconductor processing, comprising: 
a stationary conduit; 

a hoUow drive shaft rotatably coupled to the stationary 
conduit and having at least a portion of a flowpath 
defined therein, the flowpath extending co-axiafly from 
the hollow drive shaft to a portion of a target assembly; 

a magnetron coupled to the hoUow drive shaft and main- 
tained in a spaced-apart relation to the target assembly; 
and 

a cooling cavity surrounding the magnetron and having an 
outlet disposed therein, the flowpath extending from 
the center portion between the magnetron and target 
assembly to the outlet. 

2. The apparatus of claim 1, wherein the stationary 
conduit carries coolant to a first end of the hollow drive 
shaft, and the hollow drive shaft delivers the coolant to a 
second end of the hollow drive shaft that is exposed to the 
target assembly. 

3. The apparatus of claim 1, wherein the hollow drive 
shaft extends at least partiaUy through the magnetron. 

4. The apparatus of claim 1, wherein the hoDow drive 
shaft deUvers coolant about a rotational axis of the magne- 



5. The apparatus of claim 4, wherein the hollow drive 
shaft delivers coolant about a rotational axis of the magne- 
tron to a central area of a sputtering target assembly. 

6. The apparatus of claim 1, wherein the hollow drive 
shaft delivers coolant about a rotational axis of the magne- 
tron to a central area of a sputtering target assembly and to 
a region of the magnetron about the rotational axis of the 
magnetron. 

7. The apparatus of claim 1, further comprising a station- 
ary housing sealably coupling the stationary conduit to the 
hollow drive shaft. 

8. The apparatus of claim 1, further comprising a motor 
assembly for imparting rotational motion to the magnetron. 

9. The apparatus of claim 1, further comprising a sput- 
The stationary hou.sing 148 comprises a bias member such 40 tering target assembly comprising a sputtering target and a 

as a spring 300 and a rotary seal 308 to sealably couple the backing plate, wherein the hollow drive shaft delivers cool- 
tubing 150 and the hollow drive shaft 146. One stationary ^"^[^^ * surface of the backing p 
housing mechanism that can be u.sed with the invention is 
the Deubhn Model 927 Union, avaflable from DeubUn 
Company. The rotary seal 308 defines the boundary between 45 
the tubing 150, which remains stationary, and the rotating 
hollow drive shaft 146. Vent port 304 prevents formation of 
a pressure differential at the rotary seal 308. 

Bearing sets 310, 314 are contained respectively within 
bearing housings 328, 324 and bearings within each bearing 



le chamber; 



set 310, 314 are separated, respectively, by spacers 322, 316. 
Fasteners such as locknuts 202, 204 couple the hoUow drive 
shaft 146 to the puUey housing 220, so that the pulley 
housing 220 imparts rotational motion to the hoUow drive 
shaft 146 when the pulley housing 220 is rotated by drive " " 
belt 152 which contacts the drive portion 208 of the pulley 
housing 220. The bearing sets 310, 314 assi.st in preventing 
friction between, and resulting wear of, various members 
within the coolant dehvery system 112. Arrow 312 shows 
the rotation of the hollow drive shaft 146 about the rotational 
axis 135 of the magnetron. 

Although various embodiments which incorporate the 
teachings of the present invention have been shown and 
described in detafl herein, those skilled in the art can readily 65 
devi.se many other varied embodiments that stiU incorporate 
these teachings. 



10. A processing chamber, comprising: 
a chamber; 

a substrate support member disposed within tl 
a stationary conduit; 

a hoUow drive shaft rotatably coupled to the stationary 
conduit and having at least a portion of a flowpath 
defined therein, the flowpath extending co-axially from 
the hoUow drive shaft to a portion of a target assembly; 
a magnetron coupled to the hollow drive shaft and main- 
tained in a spaced-apart relation to the target assembly; 
and 

a cooling cavity surrounding the magnetron and having an 
outlet disposed therein, the flowpath extending from 
the center portion between the magnetron and target 
assembly to the outlet. 

11. The processing chamber of claim 10, wherein the 
processing chamber comprises a physical vapor deposition 
chamber 

12. The processing chamber of claim 10, further com- 
prising a motor assembly for imparting rotational motion to 
the magnetron. 

13. The processing chamber of claim 10, wherein the 
hollow drive shaft extends at least partiaUy through the 
magnetron. 
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14. The processing chamber of claim 10, further com- 
prising a stationary housing sealably coupling the stationary 
conduit to the hollow drive shaft. 

15. The processing chamber of claim 15, wherein the 
hoUow drive shaft delivers coolant about a rotational axis of 5 
the magnetron to a central area of a sputtering target 
assembly. 

16. The processing chamber of claim 10, wherein the 
hollow drive shaft delivers coolant about a rotational axis of 
the magnetron to a central area of a sputtering target lO 
assembly and to a region of the magnetron about the 
rotational axis of the magnetron. 

17. A method for cooling a magnetron sputtering 
apparatus, comprising: 

providing a stationary conduit, a hollow drive shaft rotat- is 
ably coupled to the stationary conduit, and a magnetron 
coupled to the hollow drive shaft, the magnetron dis- 
posed proximate a target assembly in a cooling cavity; 

flowing coolant from the stationary conduit into the 
hollow drive shaft; 

flowing coolant from the hollow drive shaft to a portion 
of the target assembly in a flowpath co-axial to the 
hollow drive shaft; and 

flowing coolant radially outward to an outlet disposed in 25 
the cooling cavity. 

18. The method of claim 17, wherein the stationary 
conduit is sealably coupled to the hollow drive shaft by a 
stationary housing, and further comprising rotating the hol- 
low drive shaft with respect to the stationary conduit while 30 
flowing coolant from the stationary conduit into the hollow 
drive shaft. 

19. Apparatus for semiconductor processing, comprising: 
a stationary conduit; 

a hollow drive shaft rotatably coupled to the stationary ^5 
conduit and having a coaxially aligned shaft inlet and 
shaft outlet; 
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a magnetron coupled to the hollow drive shaft; 

a motor adapted to rotate the hollow drive shaft; 

a belt coupling the motor and the hollow drive shaft; and 

a cooling cavity having a cavity outlet, the cooling cavity 
surrounding the magnetron, whereby a coolant flow- 
path extends coaxially from the shaft outlet to a portion 
of the target assembly and then radiaUy to cavity outlet. 

20. The apparatus of claim 19, wherein the stationary 
conduit carries coolant to a first end of the hoUow drive 
shaft, and the hoUow drive shaft delivers the coolant to a 
second end of the hollow drive shaft that is proximate a 
portion of a target assembly. 

21. The apparatus of claim 19, wherein the hollow drive 
shaft extends at least partiaUy through the magnetron. 

22. The apparatus of claim 19, wherein the hollow drive 
shaft delivers coolant about a rotational axis of the magne- 

23. The apparatus of claim 22, wherein the hoOow drive 
shaft delivers coolant about a rotational axis of the magne- 
tron to a central area of a sputtering target assembly. 

24. The apparahis of claim 19, wherein the hollow drive 
shaft delivers coolant about a rotational axis of the magne- 
tron to a cenhral area of a sputtering target assembly and to 
a region of the magnetron about the rotational axis of the 
magnetron. 

25. The apparatus of claim 19, further comprising a 
stationary housing sealably coupUng the stationary conduit 
to the hoUow drive shaft. 

26. The apparatus of claim 19 further comprising a motor 
assembly for imparting rotational motion to the magnetron. 

27. The apparatus of claim 19 further comprising a 
sputtering target assembly comprising a sputtering target 
and a backing plate, wherein the hollow drive shaft delivers 
coolant to a surface of the backing plate. 



